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Abstract 
A hydrothermal process was developed using alternative cheaper rutile mineral as precursor for the synthesis of 
nanotitania powder. The dissolution stage is an important part of the process as this will lead to the nucleation of the 
titanium ions and hence to the properties of the nanotitania powder. The study looks into the effect on different HCl 
molarities (0.5 – 4M HCl) on the characteristic properties of rutile titanium dioxide produced by the hydrothermal method. 
At lower HCl molarities (0.5 and 1.0M), the Titania consist of both anatase and rutile phases, while at higher molarities 
(2.0 – 4.0M), only a single rutile phase is present. It was discovered that the there is an inverse relationship between HCl’s 
molarity and titania’s crystallite size, where the most dilute acid at 0.5M HCl produces the largest crystallite size of 
11.95nm,  while diluting with 3 M HCl produces a crystallite size of 6.7 nm. The surface morphology observed by SEM 
of the rutile products produced at different acid molarities seems to be of similar highly disarrayed and nonuniform 
structures. From the results it can be concluded that dissolution using 2M HCl produced the best nanotitania properties.  
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1. Introduction 
The most common crystalline phases of titania or titanium dioxide are anatase and rutile. Titania powder 
with a primary particle sizes of less than 100 nm are classified as nanotitania, and have recently been subject 
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to vigorous study due to its potential photocatalytic capabilities [1]. The photocatalytic capabilities of 
nanotitania are further enhanced with the large surface area resulting from its small crystallite and particle 
sizes. Photocatalysis is defined as the movement of electrons from the valence band to the covalence band, 
creating excited electron in its wake, and leaving what are called holes in the valence band. This phenomenon 
is aptly described by equation 1 [2, 3]. 
 
TiO2 + hȞ ĺ e- + h+                                                                                                                                      (1) 
The band gap (measured in eV, a function of distance between the covalence band and valence band) of 
anatase is 3.2 eV, and its 3.75 eV for rutile [3, 4]. This large band gap requires an extra amount of energy for 
electron movement, and this energy is usually present in UV light. However, in the visible light spectrum, UV 
consists of only 5% from the total, making it quite scarce.  A smaller band gap will enable electron transfer 
for less energy, due to the short distance between the covalence band and valence band. This can be achieved 
by lowering the band gap, which is possible by a variety of methods, the most common being the introduction 
of dopants [5, 6]. Dopants can be metallic or non-metallic, and examples of metallic dopants are Mo, V, Zr, 
Nb, whereas examples of non-metallic dopants are N, S, F and C [7].  Due to the nature of nanotitania, the 
introduction of dopants will greatly alter the band gap of the compound,  and this raises the possibility of 
visible light initiating photocatalysis.    
This work aims to look into the possibility of using rutile as a precursor to produce nanotitania via the 
hydrothermal method. One of the important steps in this method is the HCl dissolution step, and the 
crystalline phase and primary particle size of the nanotitania were determined using different acid molarities.  
2. Methodology 
The precursor used in the study is rutile mineral obtained from Lahat, Perak. 100 g of synthetic rutile was 
weighed, along with 200 g of Sodium Hydroxide (1:2 ratios) and fused at 550oC for 3 hours in a furnace. The 
fused complex was then washed overnight and this resulted in two layers of greenish liquid solution and 
brownish solid.  After filtering the liquid, the solid portion was dissolved in different molarities of 
hydrochloric acid at 80oC for 4 hours. The temperature need to be monitored constantly as it needs to be 
constant at 80oC, with a fluctuation of +/- 5oC at a maximum. This solution is then filtered, the solid collected 
and dried in a furnace at 200oC for 2 hours to evaporate the water/acid that may be present in the sample. The 
characterization method used was the X-Ray Diffraction (XRD) for the crystallite size and phase study and 
Scanning Electron Microscope (SEM) for morphology analysis. The XRD was performed with a PANalytical 
PW3040/60 X’Pert PRO Model at room temperature, operated by using Cu KĮ1 radiation source 
(Ȝ=1.54060Å), with a voltage of 40 kV and current of 30 mA.  All XRD data obtained from this work were 
analyzed by using X’Pert HighScore plus Version 2.2b (2.2.2). An FEI Quanta scanning electron microscope 
(SEM) was used to determine the samples’ morphology. Various magnifications were used on the samples 
and photographs were taken.  
3. Results and Discussions 
Prior elemental analysis of the precursor showed that Nb and Zr are two most prominent impurities in the 
sample, making these elements the natural dopants in this case. The HCl plays a vital role in the hydrothermal 
process as it ensures that the sodium titanate complex formed during the fusion and washing stages will 
dissolve into a titanium chloride solution via dissolution [8]. HCl is also vital to the process as it initiates 
nucleation during leaching. The effect of HCl concentration on nanotitania was first determined by analyzing 
nanotitania products produced at the different acid molarities using the SEM to determine their morphology. 
Fig. 1 shows the different micrographs obtained for the products produced from 0.5 to 4.0M HCl. The 
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morphology of the nanotitania products is not single dispersed crystals but consist of highly disarrayed and 
nonuniform crystallites. These crystals also tend to agglomerate, and the size of the agglomerates varies 
throughout the different samples. The 2.0 M samples seem to have the smallest and most dispersed crystallites. 
 
 
Fig. 1. SEM micrographs of titania products produced using different HCl molarities 
The two most common crystalline phase of titania is anatase and rutile, and their identity can be 
determined by XRD analysis [1]. Fig. 2 below shows the XRD pattern of titania products produced at 
different HCl molarities. Using 0.5 and 1.0M HCl, both anatase and rutile phases are detected, while at higher 
acid molarities only the rutile phase is present. The content of rutile and anatase phases were calculated using 
the Relative Intensity Ratio (RIR) method from the data extracted from the XRD diffractogram [4]. Table 1 
shows that at low HCl molarity (0.5M), the anatase phase present in the titania sample is 26%, and this 
decreased to 21% as the acid molarity was increased to 1.0M. At higher acid molarities, no anatase phase was 
detected.  
A determinant factor in the determination of nanoscale materials is from the measurement of the crystallite 
size, also known as primary particle size [5]. Crystallite size, Bhkl of rutile was calculated using the Scherrer’s 
formula as follows; 
 
θ
λ
cosB
KB klh =
   
                                                                                                                                               (2)         
where K is the Scherrer constant (0.9), Ȝ is the wavelength of the X-ray (1.542Û AÛ), B is the full width half 
max (FWHM) of the reflection (in radians), and ș is the Bragg angle in degrees. There is a relationship 
between HCl molarity and crystallite size where the most dilute acid at 0.5M HCl produced rutile with largest 
crystallite size of 11.95nm. As the molarity of HCl used in the synthesis was increased, the crystallite size of 
rutile decreased, and the smallest size obtained was 6.7nm using 3M HCl. 
Comparative characteristic study on the value of crystallite size was also done using the transmission 
electron microscope (TEM) technique. Figure 3 shows the TEM micrograph of the rutile powder produced 
using 1M HCl in the dissolution stage. The TEM micrograph shows that the crystals are bind together in the 
form of agglomerate with almost spherical crystal morphology. Crystallite size of this rutile powder ranging 
from 10 – 20 nm and the result is in agreement with the value obtained earlier by the Scherrer method.  
0.5M 1.0M 2.0M 
3.0M 4.0M 
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Fig. 2. XRD from titania products produced using different HCl molarities where A = anatase and R = rutile 
Table 1. Content and crystallite size of rutile from titania products produced at different HCl molarities 
Molarity of HCl Rutile (%) Anatase (%) Crystallite size of rutile 
(nm) 
0.5M 74 26 11.97 
1.0M 79 21 11.32 
2.0M 100 - 8.9 
3.0M 100 - 6.7 
4.0M 100 - 6.7 
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Fig. 3. TEM micrograph of rutile produced at 1M HCl 
4. Conclusion 
The different molarities of HCl contribute to several important results in the synthesis of nanorutile powder. 
Single phase rutile only occurs when the molarity is above 2.0M, and there is an inverse relationship between 
molarity and crystallite size. 
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